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MONIT0;IING OCEAN DUMPING WITH ERTS-1 DATA 
C. T. Wezernak and N. Roller, Environmental Fl'esea~ch Institute of rtlichigari, 
Ann Arbor, Michigan 
Large volumes of municipal and i n d u s t r i a l  wastes  a r e  disposed 
of by means of dump!ng a t  sea .  Disposal  of wastes by barge 
dumping f requent ly  produces su r f  ace f i lms  and waste f i e l d s  whose 
f  nte  and e f f e c t s  a r e  no t  adequately defined.  Frequent ly w r y  
l a r g e  areaa of the  marine environment a r e  a f f ec t ed .  
Described i n  t h i s  paper a r e  t he  r e s u l t s  of an a n a l y s i s  
of ERTS-1 d a t a  f o r  t he  New York Bight co l l ec t ed  on 16 August 
1972. Resul t s  a r e  presented which show acid-iron was tes ,  
sewage s ludge ,  suspended s o l i d s ,  and major water  mass boundary 
f e a t u r e s  i n  t he  s tudy area.  The p o t e n t i a l  of s a t e l l i t e  remote 
sensi:lg f o r  monitoring l a rge  s c a l e  even t s  such a s  ocean 
dumping is discussed.  
1. INTRODUCTION 
The volume of waste disposed cf by ocean dumping is  inc rea s ing  
rap id ly .  General ly ,  ocean dumping i s  viewed a s  a convenient mechanism 
f o r  the  d i sposa l  of t h e  more ob j ec t i onab l e  waste products  of contemporary 
s o c i e t y ,  substances which a r e  no t  r ead i l y  amenable t o  t reatment  by 
means of e x i s t i n g  techniques,  o r  substances which a r e  judged t o  be "too 
expensive" t o  t r e a t .  I n  t h e  major i ty  of cases ,  waste  d i s p o s a l  t akes  
p lace  no t  i n  t he  deep ocean but  r a t h e r  i n  nearby c o a s t a l  waters .  Because 
of numeroue snvfronmental impl ica t ions  a s soc i a t ed  wich t he  p r a c t i c e ,  
ocean diuposal  of wastes  has  become a mat te r  of n a t i o n a l  and i n t e n ~ a t i o n a l  
concern. 
An important element i n  presen t  and f u t u r e  programs f o r  managing 
ocean d i sposa l  of wastes  is the  a v a i l a b i l i t y  of a  monitoring system (o r  
s y s t e m )  which w i l l  (a)  document au thor ized  d ischarges  t o  v e r i f y  
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compliance i n  t e r n s  of discharge l o c a t i c n ,  ( h )  d e t e c t  unauthorized 
dumps o r  acc iden t a l  d i scharges ,  and (c)  provide da t a  regarding t he  move- 
ment of wastes.  Monitoring systems a r e  required no t  onlv f o r  t he  
de t ec t i on  of small  s p i l l s  and d ischhiges  hut  a l s o  f o r  monitoring l a rge  
s c a l e  events .  The presen t  r epo r t  is one example of cur ren t  e f f o r t s  t o  
de f ine  t h e  p o t e n t i a l  of s a t e l l i t e  remote sens ing  f o r  l a rge  scz l e  envil-on- 
mental monitoring. 
2 .  STUDY M A  
The c o a s t a l  waters  ad jacent  t o  t he  New York Metropoli tan Region a r e  
t h e  r epos i t o ry  f o r  s u b s t a n t i a l  q u a n t i t i e s  of sewage s ludge ,  i n d u s t r i a l  
acid-waste, c o n s t r l ~ c t i o n  d e b r i s ,  and dredge s p o i l s  [ 1 , 2 ] .  
Sewage s ludge is  disposed of a t  a  l oca t i on  approximately 19 km. 
south  of Long Is land .  A t  the  presen t  t ime,  approximately 9,500 cu. m. 
p e r  day a r e  dumped t t  this loca t ion .  I n  add i t i on  t o  n u t r i e n t  enrichment 
of the o v e r l y i i ~ g  wators ,  t h e  i n t roduc t ion  of heavy meta l s ,  e t c .  a t  t he  
immediate dump loca t i on ,  t he  p r a c t i c e  . i lso r e s u l t s  i n  t he  formatior. of 
ex t ens ive  su r f ace  f i lms  [3,4] .  
Acid-iiijn wastes a r e  d i s ~ o s e d  of a t  a  l o c a t i o n  approximately 20 km. 
east of New Je r sey  and 24 km. south of Long Is land .  The waste s o l u t i o n  
conta ins  approximately 8.5% H2S04, 10% FeS04, and smal l  q u a n t i t i e s  of 
va r ious  m e t a l l i c  elements [ 4 , 5 ] .  The wastes  a r e  d i spersad  by barge over  
a  hairpin-shaped course of approximately 8 km. i n  length.  The subsequent 
ox ida t ion  02 t he  i r on  from thn f e r rous  t o  t h e  f e r r i c  s t a t e  produces a  
suspen,:ian which tends t o  r e t a i n  i n  e d i s t i n c t  p a t t e r n  f o r  long ?er iods  
a f t e r  d i spe r sa l .  
I n  add i t i on  t o  t h e  above subs tances ,  dredging s p o i l s  from the  New 
York metropr'  i t a n  harbor  a r e a  and rons t ruc t i on  d e b r i s  a r e  dumped i n  t he  
New York Bight. 
3. RESULTS 
Mul t iepec t ra l  a i r c r a f t  missions a r e  lncluded i n  t he  program i n  o rde r  
t o  provide cor roba t ive  evidence f o r  use  i n  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  
of  space data .  The s tudy a r ea  is l a r g e  and inc ludes  low c o n t r a s t  
phenomena of varying s i z e  and d i s t r i t u t i o n .  Hence ~ i r c r a f t  d a t a  is  
u t i l i z e d  t o  i d e n t i f y  f e a t u r e s  of i n t e r e s t  i n  t h e  s tudy  a r ea  and t o  
eva lua t e  ERTS-1 data.  
h support  mission was c a r r i e d  out  by t he  ERIM a i r c r a f t  on 16 August 
'972 a t  a time coincident  wi th  t h e  s a t e l l i t e  pass  over  t he  s tudy a r ea .  
' ixsrve channels of da t a  were co l l ec t ed  ox r r  t he  s p e c t r a l  range 0.32 t o  
11.7 pm. A two channel d iep lay  of a i r c r a f t  da t a  is shown i n  Flgure 1. The 
lower s p e c t r a l  band (0.62-0.70 pm) corresponds t o  MSS 5 (0.6-0.7 pm) i n  t h e  
ERTS data .  
An ana ly s i s  of a f r c r a f t  d a t a  i n d i c a t e s  a nur:ier of l a r g e  f ea tu r e s  i n  
t he  area. In  a d l i t i o n  t o  t he  ac id  waste (which has a r e f l e c t a n c e  peak i n  
t he  0.62-0.70 v m  band), su r f ace  f i lms ,  suspended s o l i d s ,  and water  mass 
boundar2es a r e  ev ident .  The l a t t e r  were de t ec t ab l e  i n  t h i s  case  on t he  
ba s i e  of thermal p r o p e r t i e s  and on t h e  ba s i a  of o t h e r  s p e c t r a l  charac te r -  
i s t i c s .  Analysis of a i r c r a f t  d a t a  was l i m i t e d  t o  those  f ea tu r ee  which a r e  
wi th in  t he  scope of t he  ERTS inves t i ga t i on .  
Figure 2 i l l u s e r a t e s  t he  kind of i n f o  mation which i s  ob t a tnab i e  by 
d i r e c t  ana ly s i s  of ERTS imagery. Clear ly  ev i aen t  i n  Figure 2 (MSS 5) is  
t he  acid-waste, t h e  sewage s iudge  dump a r e a ,  and t h e  suepended sediment 
input  from the  Lower Bay a rea .  Inspec t ion  of Figure 3 (MSS 6) provides 
add i t i ona l  information regarding t t e  a r e a ,  most no tab ly  t h e  water  maas 
boundaries.  Furthermore, ar. observa t ion  regarding t he  r e l a t i v e  depth of 
t he  sewage s ludge can be made from an i n spec t i on  of Figures  2 and 3. Of t h e  
two s p e c t r a l  oand3 MSS 5 and MSS 6, g r e a t e r  depth d e t a i l  can be expected i n  
MSS 5 due t a  d i f f e r ences  i n  t h e  a t t e n u a t i o n  c o e f f i c i e n t  of t he  two s p e c t r a l  
bands. As a r e s u l t ,  i n  F igure  3 only t h a t  po r t i on  of t h e  s ludge which i s  a t  
o r  very near  t h e  s u r f a c e  is ev iden t ,  whereas tht? e n t i r e  mass is  v ' s ib le  %n 
Figure 2. F ina l l y  t h e  shape of t he  sediment plume, t he  acid-waste, and t h e  
water mass boundaries provide in fonuat ion  regarding su r f ace  c i r c u l a t i o n  p a t t e r n s  
a t  t he  tine cf  observat ion.  
Shown i n  Figure 2A is a d i g i t a l  map of t h e  a c i d  waste. The two dens i t y  
l e v e l s  shown r ep re sen t  concent ra t ion  d i f f e r ences .  The dimensions of  t he  
waste a r e  9.4 km. from p t .  A t o  p t .  B and 6.16 km. from p t .  C t o  p t .  D. The 
su r f ace  a r ea  of t h e  waste  i e  1,250 hec t a r e s .  The d i s t ance  from t h e  nea rea t  
po in t  of t he  plume t o  t h e  New Jereey coas t  was found t o  be 16.25 k i l o n e t e r e .  
This i e  somewhat c l o s e r  t o  t h e  coas t  than t he  designated acid-dump area .  
The sewage r ludge  dump is e h a m  i n  Figure 2B. The cen t e r  of t h e  dump was found 
t o  be 20 km. - + south  of Long Ie land  and 20 k m t  e a s t  of Sandy Hook. 
4. CONCLUSIONS 
An ana lye ie  of epacec ra f t  d a t a  c o l l e c t e d  on 16 August 1972 (ERTS image 
I D  E-1024-15071) c l e a r l y  ehowe t h e  d i s t r i b u t i o n  of an acid-waete diecharge,  
sewage s ludge dump, and major euepended eediment i npu t s  i n t o  t h e  etudy 
area.  Addi t iona l ly  t he  d a t a  a n a l y s i s  provide8 information regard ing  t he  
eur face  movement of t h e  waetee and t he  !ucation of major water  maes 
bomdar iee .  Synoptic  coverage of t h e  type  a v a i l a b l e  from s a t e l l i t e  
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a l t i t u d e s  can be expected t o  con t r i bu t e  towards an understanding of 
su r f ace  c i r c u l a t i o n  p a t t e r n s  i n  t h e  a res .  
An at tempt  was nade t o  d i f f e r e n t i a t e  waste  f i e l d s  and water  z i a t t s a  
using d i g i t a l  r a t i o i n g  techniques. The r e s u l t s  rerc d x e d  and i n d i c a t e  t he  
neces s i t y  of i nc r ea s ing  scanner  ga in  ovcr  water  a r s a s .  
A c l e a r  need e x i s t s  i n  phys ica l  oceanography and marine p o l l u t i o n  
cont ro l  f o r  improved monitoring systems capable of providing d a t a  over  
l a rge  areas .  Remote Sensing from space  has  t h e  p o t e n t i a l  f o r  meeting 
t h i s  need. Ins t rumenta l  improvements 13 f u t u r e  s a t e l l i t e s ,  inc lud ing  t he  
addi t ion  of a high r e so lu t i on  thermal channel ,  w - i l l  s e rve  t o  i nc r ea se  t he  
u t i l i t y  af  s a t e l l i t e  r e m t e  sensing.  
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